Apoptosis is a process of programmed cell death that occurs in multicellular organisms. As T-2 toxin is known to induce apoptosis in mammalian cells, the aim of the present experiment was to study the toxic effect of T-2 on chicken liver tissue using apoptosis-related antibodies p21 and p53 which are involved in the p53/p21-mediated apoptotic signalling pathway.
INTRODUCTION
According to literature, mycotoxins produced by Fusarium Spp. fungus can induce apoptosis -a programmed cell death -of several cell lines of humans and animals [22] . Since T-2 toxin is a main type A trichothecene mycotoxin which is the most toxic trichothecence, it has posed various toxic effects on humans and animals in vigorous cell proliferation tissues like lymphoid, hematopoietic and gastrointestinal tissues [9, 21] . Simultaneously, T-2 toxin is one of the most important trichothecene mycotoxins which occurs in various agricultural products [20] causing severe diseases among humans and animals, which can even lead to death [12] . Since T-2 toxin causes acute and chronic toxicity and induces apoptosis in the immune system and fetal tissues [14] , enormous number of fungal diseases have recently caused some of the most severe die-offs ever witnessed in wild species and are jeopardizing food security [5] . However, up to now the developmental toxicity of T-2 toxin and the exact mechanism of action at early life stages are not understood precisely.
Research on apoptosis has increased substantially since the early 1990s. Excessive apoptosis causes atrophy, whereas an insufficient amount results in uncontrolled cell proliferation, such as cancer.
Apoptosis is controlled by various pathways, some factors promote apoptosis, while some members of the Bcl-2 family of proteins inhibit apoptosis. One of the most important p53 functions is its ability to activate apoptosis [6] , while p21 represents a major target of p53 activity and thus is associated with linking DNA damage to cell cycle arrest [3, 1, 17] .
T-2 toxin is known to induce apoptosis in mammalian cells; at the same time, there are relatively few notes about the topic on bird species [4, 19] . Therefore, the aim of the investigation was to study the toxic effect of T-2 on chicken liver tissue using the antibodies p21 and p53 involved in apoptosis.
MATERIAL AND METHODS
In the experiment, fourteen 40-day-old ROSS broilers (Gallus gallus domesticus) were divided equally into control and T-2 toxin groups. For the whole duration of the experiment, broilers' requirements were met in accordance to the hybrid manufacturer; feed and water were given ad libitum, with a day:night regime of 23h:1h. For the T-2 toxin group, T-2 mycotoxin (Sigma, Germany; Cat. No. T4887) was dissolved in water and given per os (0.250 mg/chick/day) for three consecutive days, starting from the fifth day after hatching. On the 8th day of the experiment, chickens were sacrificed after total ether anaesthesia. 24 hours after the application of the last dose of toxin, the liver specimens, 0.5-1.0 cm in diameter, were fixed in 10% neutral buffered formalin solution, dehydrated in a series of alcohol, embedded into paraffin, and slices 5 μm in thickness were cut (microtome Leica 2135). Thereafter, the slices were deparaffinized with xylene and rehydrated in a graded series of ethanol followed by staining with haematoxylin and eosin method (H&E) [2] for the purpose of overall histological assessment and immunohistochemistry.
Immunohistochemical staining with polyclonal primary antibodies p21 and p53 (Abcam, UK) was carried out according to the manufacturer's guidelines (IHC kit, Abcam, UK). After the endogenous peroxidase activity was blocked with 3% H2O2, the sections were pre-treated using heat mediated antigen retrieval with sodium citrate buffer (pH 6) for 20 min and thereafter incubated with primary antibodies in 1/1000 dilution for 30 min at 37 °C. Biotinylated secondary antibody and streptavidin-conjugated peroxidase which were contained in the IHC kit were used for detection using DAB as chromogen. Nuclei were counterstained with Harris Hematoxylin. Negative controls contained antibody diluent (Dako, S0809) instead of primary antibodies.
The experimental protocol was approved by the Ethical Committee of Ss. 
RESULTS
In the experimental group, areas with large tissue destructions were noticed (Fig.1a) compared to the control group broilers with normal liver lobular histology (Fig.1b) . In the T-2 toxin group, mononuclear cell infiltration was found in the liver Kiernani's interlobular spaces (Figure 2a) . In T-2 group broilers, fat degeneration of hepatocytes was noticed in the form of small lipid vacuoles present in their cytoplasm (Figure 2b ). Fat degeneration was observed in the central parts of the lobules around vena centralis as well as in the ventral and periportal parts of the liver lobules. Strong expression of p21 was noted in the nuclei of hepatocytes and sinusoidal endothelial cells (Fig. 3a) in the liver tissue of the T-2 toxin group compared to the control group (Fig. 3b) . The analyses of the T-2 group birds' liver tissue showed areas with large destructions of the normal liver lobular histology. The expression of p53 was noted in hepatocytes, endotheliocytes and Kupffer cells, around lobular and interlobular blood vessels (Fig. 4ab) . In both stains, cell shrinkage and nuclear condensation was noted in apoptotic cells. No tissue destructions or strong expression of the antibodies were noted in the liver tissue of the control group's chickens. 
DISCUSSION AND CONCLUSION
According to the literature sources, the influence of T-2 toxin on different tissues has been studied intensively in recent years. It has been found that T-2 toxin induces tissue apoptosis in vivo in mice thymus [11] . Histopathological examination of the thymus indicated that the pattern of cell death in the thymocytes had a characteristic apoptotic morphology with cell shrinkage and nuclear condensation. These findings suggest that T-2 toxin-induced thymic atrophy is associated with cell death through a mechanism of apoptosis.
In a study on the apoptosis mechanism in liver cells induced by T-2 toxin [21] , it was also found that p53 was up-regulated under T-2 toxin stress, which implied that the effect of T-2 toxin on cells was apoptosis rather than necrosis, and it was probably induced through the mitochondrial pathway. The induction of apoptosis of T-2 toxin through a possible mechanism involving reactive oxygen species-mediated mitochondrial pathway is also supported by other authors [13] .
The effect of T-2 toxin is reported to be quick and also inducing apoptosis in embryonic tissues [10] . At 24 hours after T-2 toxin-inoculation, moderate pyknosis or karyorrhexis was generally observed in some layers of the central nervous system.
Our investigation of chickens' liver tissue in T-2 group revealed tissue destructions with fat degeneration of hepatocytes, mononuclear cell infiltration in the liver Kiernani's interlobular spaces, strong expression of p21 and p53 in hepatocytes, sinusoidal endotheliocytes and in perivascular areas indicating to histopathological changes and apoptosis in liver tissue during T-2 mycotoxicosis. Our findings of apoptosis after T-2 application are in accordance with data from Rocha et al. [15] who suggested that T-2 is a very strong inhibitor of protein and nucleic acid synthesis; inhibitors of mitochondrial function and cell division can induce cell apoptosis. Earlier studies on mice to whom 2.5 mg/kg of T-2 toxin was given showed that this toxin is a potent inducer of apoptotic cell death in liver, where Kupffer cells play a significant part for clearance of apoptosis [9] .
As the main target of the toxic effects of T-2 toxin in vivo is liver, which plays an important role as first line defence mechanism by the process called the first-pass effect [16, 17] , more studies in this field are required in future.
